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MACHINE AND METHOD WITH 7 AXES FOR CNC-CONTROLLED 
MACHINING, PARTICULARLY GENERATING CUTTING OR 
GRINDING; OF SPIRAL BEVEL GEARS 

Cross-Reference to Related Applications 
[0001] This application is entitled to the benefit of and incorporates by reference 
essential subject matter disclosed in German Patent Application No. 
10256222.9 filed on December 2. 2002. 

Field of the Invention 

[0002] This invention relates to a machine and a method for machining spiral 
bevel gears with and without hypoid offset in accordance with claims 1 and 22, 
respectively. 

Background of the Invention 

[0003] According to the fundamental invention of Segal (SU-A-946830 and M. 
G. Segal: "Ways of Numerical Program Control Utilization in Machine Tools for 
Machining Round Teeth of Conical and Hypoid Transmissions," Izvestiya vuzov, 
Mashinostroenie, 1985, No. 6, pp. 120 - 124), a conventional mechanical 
generating machine for the production of spiral bevel gears, having a tiltable 
cutter head on a cradle and up to ten axes, of which a maximum of three axes 
rotate dependent on one another during the generating cutting operation, can 
be replaced with a numerically controlled generating machine with six axes at 
the most, all of which work simultaneously and in accordance with non-linear 
principles, to produce the same bevel gears as on the conventional machine. 

[0004] Since then, a series of CNC-controlled bevel gear machines representing 
different embodiments of the principle introduced by Segal have been made 
public, for example a multi-axis bevel and hypoid gear generating machine 
according to EP-B1-0 374 139. What all CNC-controlled machines with 6 axes 
have in common is that a work gear spindle support has to be continuously 
repivoted about a vertical axis during the generating motion. This is referred to 
as machine root angle pivoting. This machine root angle pivoting is necessary 
because the cutter head, which on a conventional mechanical generating 
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machine moves on a curved cone surface in the case of a conical generating 
gear, is moved by a cross slide in one plane on a numerically controlled 
generating machine. However, in a machine according to WO 02/066193 A1 , 
the tool spindle and the work gear spindle have been interchanged, so that 
there the tool spindle support has to be repivoted. This, however, does not alter 
anything in the principle set forth by the fundamental invention of Segal. 

[0005] The machine root angle pivoting of the work gear spindle support 

generally reverses its direction within one generating cutting operation. On the 
one hand, this entails a control problem, particularly in the single indexing 
method (face milling), in which the machine root angle pivoting takes place at a 
greater speed than in the continuous indexing method (face bobbing). On the 
other hand, this entails a load reversal in those mechanical elements which 
effect the movement of the pivotable work gear spindle support. Even if there is 
no backlash in the drive train for the machine root angle pivoting, because only 
pre-stressed bearings, joints and rotary spindles are used, these are elastic 
machine elements which alter their deformation in a load reversal and thereby 
cause inaccuracies in the bevel gear tooth surfaces produced. The greater the 
radius of action of the pivotable spindle support, the more critical this effect 
becomes, since small errors are then magnified due to the motion reversal. The 
required pivotability of the work gear spindle carrier during machining impairs its 
stiffness. However, for the production of bevel gears with precisely specified 
tooth flanks the greatest stiffness is actually imperative. 

[0006] DD-A1 -255296 discloses a gear-cutting machine for the production of 
bevel gears in generating and profile grinding methods, in which the work gear 
spindle support can be pivoted about a vertical axis and the work gear and tool 
spindle supports are vertically and horizontally displaceable relative to one 
another. The purpose of this is to substantially reduce the expenditure for the 
gear-cutting machine and its drive and control technology and to increase its 
degree of automation. This known machine with 8 axes essentially differs from 
a mechanical cradle machine only in that the cradle, on which an adjustable 
swivel drum with the tool is eccentrically mounted, is replaced with a cross slide 
by means of which the swivel drum bearing the tool can be displaced in two 
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coordinates arranged at right angles to one another. The tool axis forms an 
adjustable tilt angle with the swivel drum axis. On a classic cradle machine the 
orientation of the tilt angle is fixed by an additional angle (swivel). As opposed 
to this, in a cross-slide machine the orientation of the tool inclination must 
additionally be slaved to the original cradle rotation by continuously rotating the 
swivel drum. For each type of bevel gear to be produced the tilt angle has to be 
set anew on the known machine. For this purpose, a tool tilting mechanism 
known from classic cradle machines is arranged between the swivel drum and 
the tool. During machining a bevel gear series, this tilting mechanism is 
clamped tight and the orientation taken into account with the initial position of 
the swivel drum rotation remaining unchanged. Whenever a different bevel 
gear is to be produced, a different tilt angle between the tool axis and the swivel 
drum axis must be adjusted with the aid of the tilt mechanism, and a different 
initial position of the swivel drum must be provided with the aid of the control. A 
further adjustment relates to the work gear spindle support. The machine root 
angle, to which the work gear spindle support is pivoted and which remains 
fixed during machining, is the work gear setting angle 8e . In the generating 
method this angle depends on the pitch angle of the bevel gear to be produced. 
In the profile grinding method the gear setting angle 5e depends primarily on the 
shaft angle of the bevel or hypoid gearing. The machine root angle as well is 
set anew in every new type of bevel gear to be produced. The rolling operation 
then runs as on the classic mechanical cradle machine. The only difference is 
that to move the tool the swivel drum is not pivoted by the cradle around the 
cradle axis, but rather by a separate rotary drive. 

[0007] A multi-axis generating machine with CNC control for the production of 
bevel and hypoid gears is known from EP-B1-0 374 139 already mentioned 
above. In this known machine the tool spindle is moved in a vertical plane by a 
cross slide. Here, the axis of the tool spindle remains constantly horizontal. At 
the same time, during the generating cutting the work gear spindle has to be 
pivoted about a vertical pivot axis. This known machine is a so-called 6-axis 
machine. The six axes include three translationally movable axes and three 
rotational axes. One of the three rotational axes is the vertical pivot axis. All six 



axes are controlled simultaneously during generating cutting. The pivoting 
movement of the work gear axis about the vertical pivot axis generally has a 
reversal point. This means that the pivoting movement slows down as it 
approaches a maximum machine root angle, then reverses its direction and 
speeds up again. As already explained above, a pivoting movement of this 
nature entails control problems, since the movement must be braked and then 
accelerated again in the opposite direction. The load reversal also already 
mentioned above, which causes the form changes in the drive train of the 
pivoting mechanism, can result in undesired deviations on the flanks of the 
bevel gears produced. 

[0008] In the machine known from the above-mentioned DD-A1 -255296, the 
tilting mechanism, which has to be set a new for every new type of bevel gear to 
be machined, causes precision problems. Furthermore, providing the tilting 
mechanism on a swivel drum is very complicated. To be sure, the machine 
according to EP-B1-0 374 139 does not have this disadvantage. However, it 
does have the disadvantage described above, which results from the necessary 
pivoting movement of the work gear spindle about the vertical pivot axis. 

[0009] It is the object of the invention to design a machine and a method for 
CNC-controlled machining, particularly generating cutting or generating 
grinding, of spiral bevel gears with and without hypoid offset, in such a manner 
that no adjustable tilting mechanism is required for the tool axis, but 
nevertheless, no machine root angle pivoting of one of the spindle supports is 
required either. 

[0010] This object is achieved in accordance with the invention in the machine 
and the method, with the features and steps given in claims 1 and 22, 
respectively. 

Summary of the Invention 

[0011] According to the invention, instead of a swiveling tilting mechanism, it is 
provided that a first spindle of the work gear spindle and the tool spindle forms 
for all bevel gears to be machined on the machine a fixed, non-adjustable tilt 
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angle against an orientation axis and that the first spindle is adapted to be 
continuously swiveled about the orientation axis by a rotatable swivel device. 
Thus, according to the invention, the set tilt angle remains the same regardless 
of what tilt the bevel gear to be machined requires. This is because this tilt 
angle is determined from the start in the machine design, and it then remains 
constant, namely for all possible bevel gears. Furthermore, the second spindle 
of the work gear spindle and the tool spindle, forming a reference plane with its 
axis and the orientation axis, is, for a bevel gear to be machined on the 
machine, adjustable in its angular position about a pivot axis which latter is 
perpendicular to the reference plane, but the second spindle does not change 
its angular position during the machining operation. Therefore, in the machine 
according to the invention, it is possible to clamp the pivotable spindle support 
on a large base during a machining operation and thereby to further increase 
the machine stiffness. All tooth flank inaccuracies and difficulties which can 
arise in state-of-the-art bevel gear production through the presence of the tilting 
mechanism or through the drive train of the pivoting mechanism of the work 
gear spindle support, are thus avoided by the invention. Furthermore, 
according to the invention, one axis is spared on the swivel device, namely the 
adjustment axis for the tilt. In this manner, the design of the swivel device is 
also greatly simplified. 

[0012] The type of machining that can be performed with the machine and the 
method according to the invention is particularly generating cutting or 
generating grinding. 

[0013] In one embodiment of the invention, the swivel device has a swivel drum 
capable of rotation about the orientation axis, with the swiveling spindle being 
rotatably mounted on or in said drum. In this case, to achieve the 
predetermined relative rolling motion the direction of the inclined tool axis can 
be continuously corrected with great accuracy and without problems by rotating 
the swivel drum. 

[0014] In another embodiment of the invention, means are provided for rotating, 
particularly non-linearly rotating the swivel drum. In this case, the 
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predetermined relative rolling motion can be achieved, even though the fixed, 
non-adjustable tilt angle in the machine according to the invention ordinarily 
does not coincide with the required tilt of the bevel gear to be produced. 

[0015] In further embodiment of the machine according to the invention, one of 
the three directions in which the work gear spindle and the tool spindle are 
relatively movable is inclined. 

[0016] In a further embodiment of the machine according to the invention, the tilt 
angle is at least equal to the maximum value of all maximum machine root 
angle pivoting ranges occurring during machining of bevel gears on a 
conventional 6-axis machine. In this case, the swivel motion of the swiveling 
spindle around the orientation axis is sufficient in any event to produce the 
necessary relative movements between the tool and the work gear, which are 
required for achieving the predetermined relative rolling motion. 

[0017] In a further embodiment of the machine according to the invention, the 
angular position of the second spindle is measured against a coordinate axis 
which latter is in the reference plane and is perpendicular to the orientation axis, 
said angular position being designated as the machine root angle. In this case, 
the maximum root angle pivoting range for all bevel gears to be machined can 
be found easily. 

[0018] In a further embodiment of the machine according to the invention, a 
machine root angle which is to be adjusted, corresponds to an angle equal to 
the maximum machine root angle resulting from a bevel gear to be machined on 
a conventional 6-axis machine, minus the tilt angle. In this case a motion 
reversal in the swivel motion of the swiveling spindle about the orientation axis 
is certainly avoided. 

[0019] In a further embodiment of the machine according to the invention, the tilt 
angle lies within a range of greater than O"" and up to 35**, and preferably from 5"* 
to IS"", and is preferably 10''. In this case, all bevel gears that can be machined 
on a conventional 6-axis machine can be machined on the machine according 
to the invention. 
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[0020] In a further embodiment of the invention, the first spindle of the work gear 
spindle and the tool spindle is rotatably mounted in a first spindle support which 
is capable of being pivoted about the pivot axis, which pivot axis is 
perpendicular to the reference plane, and which first spindle support is 
displaceable in one of the three directions, and the second spindle - together 
with the swivel drum in which it is rotatably mounted - is rotatably mounted in a 
second spindle support which is displaceable in one of the other two directions, 
said second spindle being displaceably guided in the third direction. 

[0021] In a further embodiment of the invention, both spindle supports are 
guided horizontally. In this case, the spindle support design can easily be 
optimized along the lines of maximum process stiffness. 

[0022] In a further embodiment of the machine according to the invention, the 
first spindle support is guided horizontally and the second spindle support is 
guided with respect to height. 

[0023] In a further embodiment of the machine according to the invention, the 
second spindle support has a first carriage guided horizontally and a second 
carriage which is guided on said first carriage with respect to height and on 
which the swivel drum is rotatably mounted. In this case, the second spindle 
support, can be supported by a broad foot, for example on a horizontal machine 
base. This can further increase the process stiffness. 

[0024] In a further embodiment of the machine according to the invention, the 
second spindle support has a first carriage guided with respect to height and a 
second carriage which is horizontally guided on said first carriage and on which 
the swivel drum is rotatably mounted. This offers the possibility of displaceably 
mounting at least the second spindle support on an inclined or a vertical base. 

[0025] In a further embodiment of the machine according to the invention, the 
horizontal guides are each provided on a horizontal base. 

[0026] If on the other hand, in a further embodiment of the machine according to 
the invention, the horizontal guidance of the first spindle support and the 
guidance in height of the second spindle support are provided on an inclined or 
a vertical machine base. 
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[0027] In a further embodiment of the machine according to the invention, the 
work gear spindle and the tool spindle are arranged in such a manner that 
during machining, the work gear and the tool engage at a location substantially 
above a region of the machine free of horizontal guides, and a chip collector 
into which chips will fall substantially by gravity, is or can be provided in said 
region. In this case, the machine is particularly suitable for so-called dry milling. 

[0028] In a further embodiment of the machine according to the invention, the 
direction in which the swivel drum can be moved height-wise with its associated 
carriage is inclined against the vertical. In this case, the associated spindle 
support can be designed with a broader foot. 

[0029] In a further embodiment of the machine according to the invention, the 
tool spindle is rotatably mounted in the swivel drum. In this case, the tool can 
be moved for a tool change into a more easily accessible position for the 
operator, by rotating the swivel drum accordingly by rotary means. 

[0030] In a further embodiment of the machine according to the invention, a 
built-in spindle motor for the tool spindle is provided in the swivel drum. In this 
case, the drive of the tool spindle can be configured in an especially simple 
manner. 

[0031] In a further embodiment of the machine according to the invention, a 
driving motor for the tool spindle is provided externally of the swivel drum and is 
connected to the tool spindle via an angular gear. In this case, the tool spindle 
can be especially short and compact. 

[0032] In addition to the foregoing, the present invention also resides in a 
method for generating cutting or generating grinding spiral bevel gears with an 
without hypoid offset wherein a work gear is rotatably mounted on a work gear 
spindle. A tool is mounted on a tool spindle. The work gear spindle is moved 
relative to the tool spindle in up to three different directions. The angular 
position of the work gear spindle or the tool spindle is adjusted to form a 
reference plane with respect to either the work gear spindle axis or the tool 
spindle axis and an orientation axis. The reference plane is formed about a 
pivot axis, the pivot axis being perpendicular to the reference plane 
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a bevel gear to be machined. The angular position mentioned above is 
maintained throughout the machining operation. The other of the work gear or 
tool spindles is swiveled about the orientation axis at a tilt angle relative thereto. 
The angular position and the tilt angle are selected so that a predetermined 
relative motion is achieved between the gear and the tool by the continuous 
swiveling. With this method, the machine root angle pivoting about a vertical 
pivot axis during milling on a 5-axis or 6-axis machine as required in the state of 
the art can be avoided by selection of one and the same fixed angle for all bevel 
gears to be machined, between an orientation axis and the inclined spindle axis, 
which can be pivoted around the orientation axis. This causes the orientation of 
the inclined spindle axis to change, while the other spindle is adjusted and 
remains at an optimal angle around the pivot axis which latter is perpendicular 
to a reference plane. To maintain the predetermined relative rolling movement, 
only the direction of the inclined spindle axis has to be continuously tracked. 
The advantages of this measure are that no motion reversal occurs in the 
orientation of the inclined spindle axis, and by this means the machine precision 
is further increased. This is because, in addition, the other spindle remains 
clamped tight during the machining, so that its spindle support is stiffer than a 
trackable work gear spindle support. 

[0033] For practical purposes, the predetermined relative rolling motion between 
the tool and the work gear are calculated and controlled here by the computer, 
which is provided in or associated with the machine anyway. With the aid of the 
computer, the tool and the work gear are first caused to engage and then are 
kept continuously engaged during the predetermined relative rolling motion. 
The calculation of the optimum pivot angle about the pivot axis and the 
adjustment of this angle, as well as the continuous tracking of the inclined 
spindle axis are performed expediently with the aid of the aforementioned 
computer. 

[0034] In one embodiment of the method according to the invention, the tilt 
angle selected is at least equal to the maximum value of all maximum machine 
root angle pivoting ranges occurring during machining of bevel gears on a 
conventional 6-axis machine. In this case, the swivel motion of the inclined 
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spindle axis about the orientation axis can in any event be adequately 
dimensioned to produce the necessary relative movements between the tool 
and the work gear, which are required for achieving the predetermined relative 
rolling motion. 

[0035] In another embodiment of the method according to the invention, an 
angle is calculated for the machine root angle to be adjusted that is equal to the 
maximum machine root angle resulting from a bevel gear to be machined on a 
conventional 6-axis machine, minus the tilt angle. In this case a motion reversal 
in the swivel motion of the inclined spindle axis about the orientation axis is 
certainly avoided. 

[0036] In a further embodiment of the method according to the invention, to 
achieve the predetermined rolling motion the continuous swiveling of the other 
spindle is non-uniform. In this case, the same tooth flanks can be achieved as 
on a conventional 6-axis machine or on a classic cradle machine. 

Brief Description of the Drawings 

[0037] Fig. 1 shows a perspective view of the basic structure of an 

embodiment of a machine according to the invention, which is designed for 
CNC-controlled production of spiral bevel gears with and without hypoid offset 
by generating cutting; 

[0038] Fig. 2 shows as a detail in longitudinal section along line II - II of 

Fig. 1 a first embodiment of a swivel drum with a tool spindle rotatably mounted 
therein, which latter is provided with a built-in spindle motor; 

[0039] Fig. 3 shows as a detail in the same depiction as in Fig. 2, a 

second embodiment of a swivel drum with a tool spindle rotatably mounted 
therein, which latter is driven via an angular gear by a motor located externally 
of the swivel drum; 

[0040] Fig. 4 shows a view from above of the working position of the 

machine, with the tool and the work gear engaging, during machining of a ring 
gear; 
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[0041] Fig. 5 shows a view from above of the working position of the 

machine, with the tool and the work gear engaging, during machining of a 
pinion; 

[0042] Fig. 6 shows a view from above of the machine position in which 

the machine can be loaded with a new work gear or blank to be machined and 
in which the tool can be changed; 

[0043] Fig. 7 shows a view from above of a working position of the 

machine, in which the tool and the work gear engage during machining of a 
pinion, but with the tool having been turned by 180'' relative to the working 
position of Fig. 5, into the position according to Fig. 6; 

[0044] Fig. 8 shows, drawn into an orthogonal XYZ coordinate system of 

the machine according to Fig. 1, several machine root angle pivoting ranges for 
the work gear axis around a pivot axis P, which latter is perpendicular to a 
reference plane set up through the X and Y axes, for different types of bevel 
gears on a conventional 6-axis machine; 

[0045] Fig. 9 shows a schematic drawing of a pinion in the same 

coordinate system as in Fig. 8, in which the pinion is in engagement with a 
cutter head as the tool and the pinion is in the process of being cut on a 
conventional 6-axis machine, and 

[0046] Fig. 10 shows the same work gear and the same cutter head as in 
Fig. 9, but on a machine according to the invention. 

Detailed Description of the Preferred Embodiments 

[0047] Fig. 1 shows a perspective view, from the operator's side, of the basic 
structure of a first embodiment of a machine 10 according to the invention for 
CNC-controlled machining of spiral bevel gears with and without hypoid offset, 
provided here as a generating cutting machine. A first spindle support or work 
gear spindle support 14 is movable on a machine base 12 in the direction of a 
straight coordinate axis Y. The first spindle support 14 has a pivoting member 
16 that can be pivoted about a vertical pivot axis P and that supports a work 
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gear spindle 18 with a work gear spindle axis W for rotatably mounting a work 
gear 22, which in the present case is a pinion. 

[0048] The pivot axis P is vertical only in the embodiment shown and described 
here. The machine 10 could also be designed so that the pivot axis P is 
horizontal, for example. In general, the pivot axis P is perpendicular to a 
reference plane, which will be described in greater detail in connection with 
Figures 8 to 10. 

[0049] There is further a second spindle support or tool spindle support 24 
mounted on the machine base 12. It is guided horizontally and linearly along a 
straight coordinate axis X, which is orthogonal to the coordinate axis Y. The 
second spindle support 24 has a first carriage 26 and a second carriage 28. 
The first carriage 26 has rolling shoes (not visible in Fig. 1), which engage with 
a horizontal guide 30 fomned by guide rails. The second carriage 28 can be 
moved in height on the first carriage 26 on a guide 32 along a straight 
coordinate axis Z, by means of a spindle drive 34. The pivoting member 16 of 
the first spindle support 14 is located on a third carriage 36 that is linearly 
guided on a horizontal guide 37 along the coordinate axis Y. In the inclined- 
base machine shown in Fig. 1, the Z axis is inclined against the Y axis. Instead 
of this, it could also be orthogonal (not shown) to the Y axis. The second 
spindle support 24 bears a tool spindle 38 for rotatably mounting a tool 42, 
which in the present case is a cutter head. The tool spindle 38 is rotatably 
mounted in a swivel drum 44. The swivel drum 44 in turn is mounted in the 
second carriage 28 of the second spindle support 24 so as to be rotatable about 
an orientation axis O. 

[0050] In the embodiments of the machine 10 according to the invention 
described above and below, the work gear spindle 18 is mounted so as to be 
pivoted about the vertical pivot axis P and displaced in the Y direction through 
the first spindle support 14. The tool spindle 38, with the swivel drum 44 in 
which it is rotatably mounted, is mounted for rotation through the second spindle 
support 24, which is displaceable in one of the other two directions, namely in 
the X direction, and the tool spindle is displaceably guided by its second 
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carriage 28 in the third direction, namely in the Z direction. However, the 
arrangement could also be made in which not both spindle supports 14, 24 are 
horizontally guided, but rather in which the first spindle support 14 is movable 
with horizontal guiding, and the second spindle support 24 is movably guided in 
height with a first carriage. Furthennore, in this additional arrangement, which 
is not shown, the second spindle support 24 could have a second carriage 
which is guided horizontally on the first carriage and on which the swivel drum 
44 is rotatably mounted. In this case, the machine base could be designed 
vertically as a column, as mentioned above. This additional arrangement is 
equivalent to the arrangement given in connection with the embodiments 
described here and, therefore, it does not need to be described in greater detail. 
In the further arrangement not shown here, the machine base could also be 
inclined against the horizontal instead of being vertical. In both the 
arrangement shown and in the one not shown, the work gear spindle 18 and the 
tool spindle 38 are arranged in such a manner that in the generating cutting 
operation the work gear 22 and the tool 42 engage at a point located 
substantially above a machine area that is free of horizontal guides, in which 
area a chip collector 46 is provided, into which the chips will fall substantially 
through gravity. This area free of horizontal guides in the embodiments shown 
is a recessed area of the machine base 12, which latter is L-shaped when 
viewed from above. This can be seen in Fig. 1. 

[0051] In the embodiments shown, an axis T of the tool spindle 38 forms a fixed, 
non-adjustable tilt angle k with an orientation axis O for all bevel gears to be 
machined on the machine 10. The tool spindle 38 can be continuously swiveled 
about the orientation axis O by a swivel device 43. As opposed to this, prior to 
the machining, the axis W of the work gear spindle 18 is set in its angular 
position around the vertical pivot axis P for a bevel gear to be machined on the 
machine 10. This is not changed during the machining. The selection of the tilt 
angle K and of the fixed angular position is described in greater detail below with 
reference to Figures 7 to 10. The swivel device 43 has a swivel drum 44, which 
is rotatable about the orientation axis O and in which the tool spindle 38 is 
mounted so as to be rotatable about the tool spindle axis T. 
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[0052] Fig. 2 illustrates a first embodiment of the swivel device 43 in the section 
along line II - II in Fig. 1. The second carriage 28, which is movable in height 
by means of the spindle drive 34, can be recognized in Fig. 2. The swivel drum 
44 with orientation axis O at right angles to the Y axis is rotatably mounted or 
rotatable in a bore 50 of the second carriage 28 by means of a roller bearing 52 
and a sleeve shaft motor 56 provided in a bore 54. The sleeve shaft motor 56 
for rotating the drum 44 is designed so that the drum is rotatable in a nonlinear 
or non-uniform manner. The swivel drum 44 contains a bore 58 arranged by 
the angle k at a slant from the orientation axis O. The bore 58 has at its front 
end an enlarged bore part 60 in which the tool spindle 38 is rotatably mounted 
by roller bearings 62. A built-in spindle motor 64 is provided in the bore 58, by 
which the tool spindle 38 and thus the tool 42 can be caused to rotate about the 
tool spindle axis T. The built-in spindle motor 64 is an electric motor of which 
the rotor is part of the tool spindle 38. 

[0053] Fig. 3 shows a second embodiment of the swivel device 43, in which 
rotation can be imparted to the tool spindle 38 via an angular gear 68 by a 
driving motor 66 provided externally of the swivel drum 44. Aside from this, the 
same parts shown in Fig. 3 as in Fig. 2 are provided with the same reference 
numbers. 

[0054] With reference to Figures 8-10, the selection of the tilt angle k and of 
the adjustable fixed angular position of the work gear spindle 18 will now be 
described below. 

[0055] Four machine root angle pivoting ranges 70, 71, 72, and 73, which occur on 
a conventional 6-axis machine during machining of four different bevel gears, 
are shown in Fig. 8. Each of the machine root angle pivoting ranges 70 - 73 
has an angle width AF, which is given in each case between two arrowheads in 
Fig. 8. The machine root angle pivoting ranges 70 - 73 indicate how during 
generating cutting on a conventional 6-axis machine the work gear spindle axis 
W is moved around the pivot axis P to achieve a predetermined rolling motion 
between a work gear and a tool. In the machine root angle pivoting range, the 
work gear spindle axis W can only move in one direction, as for example in the 
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machine root angle pivoting range 70. However, a motion reversal can also 
take place, such as in the machine root angle pivoting ranges 71, 72, and 73. 
The reversal point in the machine root angle pivoting area defines a maximum 
machine root angle Tmax, measured against the Y axis. This is given for the 
machine root angle pivoting range 71 in Fig. 8. For the purposes of the 
invention, the broadest machine root angle pivoting range is selected from 
among the machine root angle pivoting ranges 70 - 73. In the embodiment 
shown in Fig. 8, this is the machine root angle pivoting range 71, which has the 
angle width ATmax. 

[0056] Fig. 9 shows the engagement between the work gear 22 and the tool 42 
for a conventional 6-axis machine. The tool axis T is parallel with the X axis 
and thus to the machine base, and it is at right angles to the Y axis. The tool 
axis T maintains this position during generating cutting on the conventional 6- 
axis machine. For compensation, as described above, the work gear spindle 
axis W must be moved in a machine root angle pivoting range. Four examples 
of this for four bevel gears to be machined are shown in Fig. 8. 

[0057] In the machine 10 according to the invention, the tilt angle k selected is at 
least equal to the maximum value AFmax of all maximum machine root angle 
pivoting ranges occurring on a conventional 6-axis machine during machining of 
bevel gears. The maximum machine root angle Tmax is reduced by the angle k 
on the machine 10. In other words, in Fig. 10 the work gear 22 and the tool 42, 
which are engaging, are pivoted to the right around the pivot axis P by the angle 
K, relative to the position in Fig. 9. Thus, on the machine according to the 
invention, the tool spindle axis T is no longer parallel with the X axis, but rather 
it is inclined by the angle k, which is equal to the maximum machine root angle 
ATmax. Therefore, the adjusted fixed angular position of the work gear spindle 
18, i.e. its machine root angle r, corresponds in Fig. 10 to an angle that equals 
the maximum machine root angle Tmax resulting for a bevel gear to be machined 
on a conventional 6-axis machine, minus the tilt angle k. Thus, on the novel 
machine, according to Fig. 10 the tool 42 is inclined by the angle k against the 
orientation axis O, which is at right angles to the Y axis. Accordingly, the work 
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gear spindle axis W lies closer by the angle k to the Y axis, so that the work 
gear 22 and the tool 42 engage in Fig. 10 as they do in Fig. 9. In Fig. 10, the tilt 
angle k can be seen in its actual size. As the generating operation progresses, 
the tool spindle axis T moves on a path suggested on the right in Fig. 10 as an 
ellipse. The pivoting range of the tool spindle axis T is shown by an arrow 76. 
The movement from a starting position up to a final position, which the arrow 76 
indicates, approximately corresponds to the machine root angle pivoting of the 
work gear spindle axis W as applied in the conventional machine. However, 
according to Fig. 10, on the machine 10 according to the invention this process 
is a continuous turning of the tool spindle axis T about the orientation axis O 
from a point 78 up to a point 80. The ellipse, which is viewed from the left in 
Fig. 10, illustrates the range given by the arrow 76 between the points 78 and 
80, in which the swivel drum 44 must rotate so that the predetermined relative 
rolling motion between the work gear 22 and the tool 42 can be achieved. In 
the meantime, the position of the work gear spindle axis W, which is set at the 
value Tmax minus k, remains fixed. The work gear spindle axis W generally sets 
up a reference plane with the orientation axis O. The pivot axis P is 
perpendicular to the reference plane. The machine root angle r here is 
measured against the Y axis, which is at right angles to the orientation axis O in 
the reference plane. The tilt angle k is measured against the orientation axis O. 
The tilt angle k in the machine 10 lies within a range of greater than 0*" and up to 
35°, and preferably from S"* to 15"*, and is preferably 10"*. There is preferably no 
motion reversal in the movement of the tool spindle axis T around the 
orientation axis O. The generating gear axis (not shown), which performs a 
wobbling motion in space in the conventional multi-axis bevel gear generating 
cutting machine according to EP-B1-0 374 139, merely moves in a vertical 
plane in the machine according to the invention. 

[0058] In carrying-out the CNC-controlled method according to the invention, the 
work gear spindle W and the tool spindle T are moved translationally in the 
three directions X, Y, and Z. In the embodiment described here, the work gear 
spindle is adjusted in its angular position r about the vertical pivot axis P for a 
bevel gear to be machined on the machine, and this machine root angle r is 
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maintained during generating cutting machining. Then, the tool spindle axis T is 
continuously swiveled about the orientation axis O with a fixed, non-adjustable 
tilt angle k against the orientation axis O, for all bevel gears to be machined on 
the machine 10. In this connection, the machine root angle r and the tilt angle 
K are selected so that a predetermined rolling motion can be achieved between 
the work gear 22 and the tool 42 by the continuous swtveling. 

[0059] In the above method, just as in the machine 10 described above, the 
woYk gear spindle W and the tool spindle T can be interchanged. In other 
words, the work gear spindle 18 could be located on the second spindle support 
24 and the tool spindle 38 could be located on the first spindle support 14. In 
addition, the horizontal guides of the spindle supports could be arranged on a 
vertical base instead of a horizontal one. 

[0060] Furthermore, in the CNC generating cutting method according to the 
invention, the tilt angle k is selected so as to be at least equal to the largest 
value of all maximum machine root angle pivoting ranges 71 - 73 which occur 
on a conventional 6-axis machine during machining of bevel gears. For the 
machine root angle r to be adjusted for the work gear spindle 18, an angle is 
calculated which is equal to the maximum machine root angle Tmax resulting for 
a bevel gear to be machined on a conventional 6-axis machine, minus the tilt 
angle k. 

[0061] Fig. 4 shows an embodiment in which the work gear 22 being machined 
by the tool 42 is a ring gear. 

[0062] Fig. 5 shows the same depiction as in Fig. 4 for the case of the work gear 
22 being a pinion. 

[0063] In Fig. 6 the tool 42 is shown in position for a tool change. To load the 
machine 10 with a new tool 22, the first spindle support 14 in Fig. 6 is further 
rotated until the work gear axis W is parallel with the horizontal guide 37, and 
the carriage 36 is moved to the right. 

[0064] Fig. 7 shows that under certain circumstances it is possible to machine a 
pinion even if the swivel drum 44 is in the position shown in Fig. 6. This 
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machining position is to be preferred over tliat of Fig. 5, since in this case the 
point of engagement between the tool 42 and the work gear 22 is located 
directly above the chip collector 46 (Fig. 1). 



